~" Compression and distortion of the trigeminal nerve by a tortuous and elongated superior cerebellar artery (SCA) is postulated to be a frequent cause of trigeminal neuralgia. This theory and the use of operative therapy in which the offending arterial loop is separated from the trigeminal nerve has created a need for more detailed information on the relationship of the SCA and the trigeminal nerve. In order to meet this need, 50 trigeminal nerves and the adjacent SCA were examined in 25 adult cadavers. Twenty-six of the 50 nerves examined had a point of contact with the SCA, but it was uncommon for the arterial contact to produce distortion of the nerve. In six instances, the contact was at the pontine entry zone of the trigeminal nerve, the site of arterial compression postulated to be associated with trigeminal neuralgia. Four trigeminal nerves (8%) had a point of contact with the anterior inferior cerebellar artery (AICA). The fact that large arteries are commonly in contact with the trigeminal nerve is important not only because of the controversial relationship of neurovascular contact to trigeminal neuralgia, but because of the possibility that major vessels may be encountered and injured during rhizotomy and other posterior fossa operations on the trigeminal nerve. KEY WORDS 9 superior cerebellar artery 9 trigeminal nerve 9 trigeminal neuralgia 9 anatomical study
I
N 1934, Dandy 1 first suggested that arterial compression and distortion of the trigeminal nerve at its point of entry into the pons might be an etiological factor in trigeminal neuralgia. This distortion of the nerve root was, in Dandy's cases, most commonly caused by a tortuous and elongated superior cerebellar artery (SCA), or one of its branches. More recently, Jannetta 3 has reported a series of patients with trigeminal neuralgia, all of whom had mild to severe distortion and compression of the trigeminal nerve by one or more tortuous arteries, usually branches of the SCA. A1-though these observations formed the basis for the operation of posterior fossa neurovascular decompression for the treatment of trigeminal neuralgia, there is little detailed information available on the normal anatomical relationships between the trigeminal root and the SCA? The purpose of this investigation was to provide such information.
Materials and Methods
The arterial relationships of 50 trigeminal nerves were examined in 25 adult cadavers. In each, the calvaria was removed and the brain stem transected at the level of the colliculi. The cerebral hemispheres were removed, and the tentorium cerebelli was sectioned along the straight sinus and retracted laterally to expose the basal cisterns. Under • to • magnification, the arachnoidal coverings of the basal cisterns were opened, and the relationship between the SCA and the trigeminal nerve was examined on each side.
Anatomical Observations
Our findings support the previously proposed concept that the SCA is the most consistent in location and origin of the posterior fossa arteries. 5-7 The SCA was present bilaterally in each of the 25 brains studied. Forty-six of the 50 SCA's studied arose as a single trunk from the basilar artery, and the remaining four arose as two, or duplicate, vessels. Bilateral duplication was not seen. Forty-two SCA's arose from the basilar apex, below, but directly adjacent to the origin of the posterior cerebral artery (PCA). One SCA arose from the proximal portion of the PCA. The seven arteries not arising directly from or adjacent to the PCA arose from the basilar artery as far as 2.2 mm below the PCA (Table 1) .
Normally, the SCA courses posteriorly in the perimesencephalic cistern, encircling the brain stem in the groove between the pons and mesencephalon, above the trigeminal nerve 2 (Fig. 1) . In its proximal portion, it is separated from the PCA by the oculomotor nerve and runs medial to the anterior half of the tentorial edge. Distally, it passes beneath the tentorium cerebelli to reach the superior surface of the cerebellum above the origin of the trigeminal nerve from the pons. Usually, the artery makes a shallow caudal loop and courses inferiorly for a variable distance on the lateral side of the brain stem s (Fig. 2) . Some degree of caudal looping occurred in the majority of cases in this study. It was in those cases with the most prominent caudally projecting loops that contact between the artery and the trigeminal nerve occurred (Fig.  3 ). The first major bifurcation of the SCA into rostral and caudal trunks occurred at or near the point of maximal descent of this loop. The distance between the SCA origin and its bifurcation varied from 0.5 to 27.5 mm (mean 18.2 ram) ( Table 2 ). In its intradural course, the trigeminal nerve uniformly ran obliquely upward from the lateral part of the pons toward the petrous apex. It exited the posterior cranial fossa to enter the middle cranial fossa by passing (Fig. 4) .
Of the 29 arteries with neurovascular contact, there was a total of 30 neurovascular contacts. Twenty-six of the contacts were with the SCA and four were with the anterior inferior cerebellar artery (AICA). There was only one nerve which had a point of contact with both the SCA and the AICA. In 10 cases there were vascular contacts with the trigeminal nerve on both sides. In six, neurovascular contact occurred on the left side alone, and in four on the right side alone.
In the 26 nerves with a point of contact with the adjacent SCA, the segment of the SCA involved was the main trunk of the SCA before its bifurcation in eight, the caudal trunk in 11, the rostral trunk in two, both the rostral and caudal trunks in four, and a marginal hemispheric branch of the caudal trunk in one (Table 3) (Figs. 5, 6, and 7) . The diameter of the SCA at its origin ranged from 0.8 to 2.8 mm (mean 1.9 mm) and the diameter of the SCA or its branch making contact with the nerve varied from 0.5 mm to 2.6 mm (average 1.4 mm). The length of vessel between its origin and its point of contact with the nerve varied from 15 mm to 32.5 mm (average 20.8 mm) depending on the tortuosity of the vessel ( Table 2 ). The separation between the SCA and the 24 trigeminal nerves in the cases without a neurovascular contact ranged from 0.5 to 8.0 mm (average 3.2 mm).
There did not appear to be any correlation between the configuration of the SCA at its origin and the presence or absence of loops impinging upon the trigeminal nerve. Nor was there any relationship between duplication of the vessel and trigeminal involvement. The point of bifurcation of the vessel into its two major trunks does, however, affect the caliber of vessel that has contact with the nerve, and, in those vessels that bifurcate early, the vessel making contact with the nerve was usually of smaller caliber. The point of contact with the SCA was usually on the superior or superomedial aspect of the nerve and often a few fascicles of the nerve were indented or distorted by the vessel (Fig.  6) . The site of vascular contact was commonly a few millimeters peripheral to the point of entry of the nerve into the pons (average 3.7 mm) and on one occasion was as much as 12 mm from the pons. However, in six cases, contact was made at the pontine root entry zone, usually by an arterial loop tucked into the axilla formed between the brain stem and the medial side of the trigeminal nerve ( Table 2) .
The main trunk of the AICA impinged upon four of the 50 trigeminal nerves examined, and in three of these there was no point of contact between the nerve and the SCA. One nerve was also in contact on the superior surface with the SCA and on its inferior surface with both trunks of a duplicated AICA (Fig. 7 ). There were no cases in which the basilar artery or the posterior inferior cerebellar artery came in direct contact with the nerve, although this has been reported. 1'8
Discussion
Information on the frequency with which contact occurs between the trigeminal nerve and its adjacent vessels is sparse. Sunderland 8 stated that the SCA "frequently" loops downward to the upper surface of the trigeminal nerve and may indent or even perforate it, but he did not supply precise statistics. Jannetta ~ studied 56 autopsy cases without seeing any evidence of trigeminal nerve compression by vessel at or near .the pons.
Dandy I described the SCA as "usually" sending out a branch that dangles freely in the lateral cistern before reaching its destination. This, he said, may pass between the nerve root and the brain stem or along the lateral surface of the sensory root, and in 30.7% of his 215 cases of trigeminal neuralgia, the SCA in some way affected the nerve. Neither Sunderland nor Dandy had any cases in which the AICA made contact with the trigeminal nerve, a finding in four of the nerves that we examined? ,a Jannetta,* in 100 patients with trigeminal neuralgia, found four cases in which AICA indented the inferior surface of the nerve root and all of these had first division trigeminal neuralgia. He noted that lower facial tic (V2 and V3) was most commonly associated with compression of the superomedial side of the nerve by the SCA and that upper facial tic (V1) was most commonly associated with compression of the lower margin of the nerve) Sunderland 8 reported three cases in which the PICA reached and grooved the undersurface of the nerve, and two cases where an abnormally tortuous and elongated basilar artery reached and compressed the inner margin of the nerve root, but no contacts between the PICA or basilar artery were found in our study.
This study confirms the observations of Dandy and Sunderland that the SCA or one of its major branches frequently loops caudally in the ambient cistern and makes contact with the trigeminal nerve. 1, 8 Although not all these contacts were at the dorsal root entry zone and not all produced distortions of the nerve, the presence of such neurovascular relationships is relatively common. This may In part reflect the fact that the specimens were from elderly adults in whom the intracranial vessels are likely to be tortuous and elongated. It seems likely that with increasing tortuosity and elongation, the SCA, being prevented by the tentorium cerebelli from expanding cranially, will tend to expand caudally toward the region of the trigeminal nerve.
Any study of cadaver specimens must be of limited value in discussing the etiology of pain producing conditions such as trigeminal neuralgia, but the frequency with which some degree of neurovascular contact occurs makes it possible that vascular compression and distortion of the trigeminal nerve root may indeed be important in the etiology of this painful condition. In this study, it was found that the vessel making contact with the nerve was usually the main trunk of the SCA rather than a smaller branch formed by its bifurcation, and, in life, pulsation in arteries of this size would be likely to have some further distorting effect on the nerve. Dandy states, "Just as one sees many cases of gallstones without pain, so one sees lesions attacking the sensory root in the angle without the actual production of pain, but when the patient has pain and gallstones are present, the gallstones are unquestionably the cause. ' '1 However, an equally reasonable conclusion to draw from the study is that the high incidence of neurovascular contact in these specimens from a "non-tic" population, may mean that the finding at operation of such neurovascular contacts is coincidental. In this case the relief of pain which follows the decompressive procedure must be achieved by some mechanism other than by the simple relief of the vascular compression.
The fact that these large arteries are commonly in contact with the trigeminal nerve is important not only because of the controversial relationship of neurovascular contact to trigeminal neuralgia, but because such large vessels will be encountered during rhizotomies, tumor removal, and other operations where the trigeminal nerve is exposed. This fact should alert one to the possibility that major vessels may be encountered and injured during rhizotomy and other posterior fossa operations on the trigeminal nerve.
